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(54) OPTICAL WAVEGUIDE CIRCUIT AND 
NONLINEAR OPTICAL DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical 
waveguide circuit into which an optical waveguide is 
easily written In spite of an intricate shape. 

SOLUTION: A glass material 20 exhibiting a nonlinear 
optical effect is formed as a base body or as part of 
this base body and the part changed in refractive index 
by irradiation with the condensed beam of a laser beam 
is formed as the optical waveguide 25 in the base body. 
Oxide glass, halide glass, sulfide glass, chalocogenide 
glass, etc., are used as the glass material 20. The 
optical waveguide 25 is branched to, for example, a 
two-forked shape and the one branched optical 
waveguide 25 is formed within the glass material 
exhibiting the nonlinear optical effect. As a result, 
the optical switch of high responsiveness built into an 
optical Kerr shutter type switch, Mach-Zehnder type 
switch, directional coupler type switch, etc., is obtd. 
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[ imm i ] *»«**ja**sr a**? xtmes 
f*xii«{*©-§n a, u -if *<z^i*jis««c «fc -> r js 

snxmytrntim®. 
re l iais©^*jg[HlsSo 

^(c*jc»-c. Htgtgf l ~ 3 ©{5ift*>«:ie*8o^j&l5i8S 

rt> 6 * 5 3fe3|jgS5(c»« $ ft fc— #©5fctt*fflii $ #T 
ffi*§^7 h£-^;tT<,>&Wfc£©?fc 
A*36«CSEH*JJDtor>fcttl*36*»&-7 20 
•v^ • ^x>#-S93fe;W l»3j<ili-3 

Ho 

[ 6 ] i£M L tc 2 #©ig?£SS© 5 % — 

U A«Sft)fc*ift*- K# 

fl&#©*»K«c A«3 ftfc#«*-- K U M*- 
KIBTSB* 5eSS*x*^^-©«5«i«: J: D tHS-f^f, 

5. fl£fel>T . tmm 1 ~ 3 ©{5Jft2»tCiE4$©7fcilSj&[S 
K*tfWrS*aUB36^BE«. 30 

[^©SMffl&i&W] 

[000 1] 

[£SLk©*Ufl!#»] #»Btt. ^r-^teH, tffRte 
[0002] 

Kit.?? § t>- te i7 p x ~ 3 JUfifigrflSft^- 1 1 SLKj^Tt-? 
1 2*K1CU *'5^-fe^F»9K:^A3ft/c-Seib^^ 
©IMWBJBJfrSBlIK <*-««) 1 3*ffl*^l 1 <t«i 

#^i 2 icraecfl-a-gti-coi. c/n-?' 
5t) P, [%¥-Y^>\y7s%P a T"!r-r-f >£'$ft. y 

(Bt^I 1 ^iiab/cya-^P, ©ffliSHBifcA**- 

mm 3(omfrmmti'Cj:^xmpim : mcm^>i>, *© so 
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tc#> % yu-zrytPi ©-IW«itSttt*F l 2 * jiiftt? 
y-f-M-.ju^p a ©Aji/^cj^T^'o-^p, 
9 ?-$ft£. 

C0 00 3 ]«btTF-12*jffii-r*^n-^P ( ©a 

y-h#p., i^P-y^p, ©raflttott 

-rftKft*je/4©£S*bfctc&£. t©<h£©7*n-^ 
:t£P, ©jffijl^T«, Toe sin' (n,,L I ,)r-^x.6ft 
S. fcfc'U n, 1 W*-S»iPf«nri»S#HRJBS!Sf 
^, Ltt*-»H1 3©ft£, I 0 (=4P,/7rD')«y 

- h#P. ©^7-ttK. D«t'-A©x^7 Hf-YX 

^■c-tt. tr30efi©jeaics€:^"rci**iWBSft"c 

L#"U Siimc«®ft-CliS*>©©llsaj/<7- 

*s@©r^t>/c©. WiStt©fiBf*H-»{c«fflS ftr t,> 
«ct». #*?B3te^ia©ia»«:*5t>r. ^v^e^im 

JK14*i{gi>JS^r . ^ft 5 c £ #r £ & c <t a> e> 

#3ffl«:*S©— 3i*A6ftTt>*. *«WK* 
«. ^-<©t§^, -/^>.^ffi^AUI»D7K»^^©X 
[0 004] a|->3Saftffi-Ctt. fctxtf^HOX >J 

ONa' Jjr^ZtfZxmffilCfrAZ&X^Z. Na' 

Ttcii^jASft, (ge*f»^tt*isi«?ft*„ c©^ 
ffi"cf«HSftfciis«KM©=ir»tt. a«. m&wio 

- 2 0 0 u nKDmHBXttmm&omMZftli , i % 

m&cDtmvr&g:*^-? t ©*^ i 'xmmkftm&x 
xmt*m*m*ii : 7*m<<t%m.-rz>. ;x^t-. h 

y vtt^v h RO'SlSStti ^> y«: J: 0 IsiSSA > 
<&4)03Tg|J«:^T-5. C©^ffirf^3ftfc^2«^ 

[0005] 

[^^•Mj?io ct 3 i-rasiai] 'cEe*5y©^^^^ 

^ «t o TSJt^^IHIS 2 ft a te * . JKfiS 3 

ft/C2g^SgtSjS* 3 **5 ^^ffitCjfiir^ll^-WlRB^ft -S. ig 

6ft4. ^*>St}fefCg^4StSCi*^, 
4Stt*5ffiOCii^,tA5. JSK. isj— as±«ca 
* © - ^JcW-* < 5» - > * t o jfcjg j6J8 (f 82 X%Xh, 
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3 

mm tm s§*M£ t> ^m&tc&m t? # t, » . c © j: ^ 

JC. ^^tfl^&fflUJt^^-c-f^CDWfiRtClSL. t«4 
[0 00 6] ffi*. j<cj«aiD*»»ffiCC J:4J»^tC«. « 

ira*fe^B«!B»©fHH*«HI»"C**. Jg(c. ik^Jp 
*$MB£t?*>. -f*>£8l££!5Jf»it. =^7cWCca* 

w». c ©<t 5 ixmzmm*^ < ma 3 ftfc & or* 

*fcjft*«*ttW:8» 3i*4C£K: e fc«9. m9im$Z<t* i> 

tttt#9*w©ra«c«i^wtt*«w*c tar 

£3f«T 4C££SW£T4„ 20 
[0007] 

[!SIII£8?&T£fc»©^IS] *$HB©3fci*ieisl!&tt. 

sujcjkjsR 3 ft r i, > 4 c £ £ 1 4 . #5*tmt 
-r 4. 

[0 00 8] 

4 £ $ . fie*«oS[*ittig ggSf&Kft < 

i 0 r«ffl njner a 0 . ran fe=ac©*wi53tt«a 
-r 4 c £ tc ct Ki nmoft 7, a v 9 > vmw°i 

[0 00 9] ^f«^Kgffl©^«^g^fFMT4/c 
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yjuv^^hft. ^ju^^hft^. miftomtivz 

iL-T«Ga-La-Sft, Ge-Slf, ^o^it 
^^atiiBeF, ^, ZrF, I n F, 
ft, Cd-Zn-Cllf, *^ = yt-f KtfvXtCtJ 
As-Sft, As-Seft, Si-Telf^S. 
[0010] *|6BJ{cSE-,/c7fe^^S§« > 3tiB&3ffl*r£ 
m t * j@ C T x * ;U -fi £ fc -3 U — tf 3fe?r ^t*#4 
©rt g|5KS!?£ b . il^ U fcJUfr*£<b«i*# v X^)f4 

2 2^6^c4»^g-ca^:L, *'-5^«f42 0©rt 
ffKfUK.^ 2 3 3 ti- 4„ C ©»7t* 2 3^7^ 

iSSS 2 4 , 2 5 £ l/tffli< iS^b tcMtfr^^ fc««** # 
7^Wf42 0©rtgRtC?f5)7K$n4. *t1£*2 3©ti*f^ 
ttCC «. £ ^. « U - if 2 1 ©*#£ 2 3 dCpftUXtf 

0 ©rtsp-c u— tf^6 2 1 ©as%j^«a«En(c9tts«4 
55rsc«*j»ffl 3 ft 4 . ** 7 ^«*4 2 0 ©rtBBccjBBSS n 

H- $ ft 4 o ft £ * tf - *36jS 2 3 tctBM^tb 3 

-tf4£. H3tc5*T3iaKftBS2 4#®fiS3ft4. 
«3fe^2 3^-^rfSjtCtB^ijj3H±4<b. ^4tC^n 
JJS«©:fcgi£SS 2 5 $ ft 4 . 
[0 0 1 l ] XMBJBftatftffcK. tr-*/<-7-5Wt*« 
J»«r»«£flB«3ft4. L/jO 1 L/. jflKtcA^te-i-^^^— 
S© U— !f^f#4 C £«HKIffi-CESf-C*4. C©* 

jffifflT4C£tC<fc'3^;j3E-C#4„ fc/cO, /S;^^©U 
— mglt^it, **7^MI4©rtg|J«:^J?S3ft4 

[0012] 

[ fFffl ] ^"^^ - if ©fitwtcc «t o r«B*f ^* 5 -^{bT 4 
SUM*. *S5*SH8Sf*SCYttW*ftr*}»). P. Ce, 
G e ZtZifctaUtcts <) Xtf7X(DmW%0hftTl>Z>. C 

^» r bbr^pb©— au^flt® ^<kT 4 c <t tc^s-r 4 £ n 

r©W5?^ilA6ftTt»4. C©^ffiTffiffl3 
ft4 u-if^tt, 1 0 kH z*ffl©tet»»JIUg!!!aBrc 
hhfcib, +ftt£ x JU+'-^MS-fSP^tC-^x 4 C £ *5 



5 

&x'mm<£mzLm : <mzm< t . <o © 

i*;U*--#fg< t£ V) . JS9f^b«RjS3 tt* C 4 g 
( 0 0 1 3 J iC-ST*. ;t*^U-lf©;'C*^(|*«< 

7>u-fMSfflitt. i o kHzJa±©^iiuja* 

S§$5S£»j£-r £±T'«. m 1 4Ji?2 aju*j&SpJ 
©.^-cfc. u— «f©«Bgui|«»* l 0 k H z 

±, ffSKiaiookHz «±K:K5£r s. «£ua 

iS»*HSt> 4 U-lf #*«»Wfc:j|f»* Stt. *&»©» 

[0014] |RXUJIWK(DJblH». aflE*©PS*)fc < 
attU— !f*Cifi^fe©-r*-5. b#>0. ^ilLi^ig^t?: 
iS<-T£4. — »W«C/W*S0©i*JW=1^#H<.ft 20 

©JSS?*gMb«*Stt. u— tfTfeMIM©**^ ^.©S»f* 
UXit U— «f^©«^©^^iSg*il < T 4 c 4 J: 
J^l/, 01 ^VU*JtBM«K:— J£©1$|HI 4fcl>TS 2 ''OW 30 

$ *i/an mmmt&m z ic£<o &mt i> . *> 

{0015] ##6WCJ:&£S. m&<DBWt:ft-3tcyt 

a »? . **iffiB©ffiiKcffiffl-r* u-tr*£*i«K&¥ 

*ftRem^it©waMba*pjJfe 4*4. j£fi»Jgt© w 
— !f3WR*ffll>fc»&. *J»«Kf^Hffl©»S4^^ 
*2pSSK«8Kil^©«fi*Sgi*C4*>r*S. * 40 

■%mc J: S#BM£ftg&8g«. n Tffl©KI!**R«T* 
*C 4**6, AWUfc U-1fj6©iS«ffliR©«*fi^* 
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4ti^fST-^4„ 
[0016] 
[HJfcW 

PbO: lOWo, T i O, : 10Wo, TeO 
, : 8 0^;U%©fflfj£&kOrJl'7-<' Yti^Xfrhl 0 
mm x l mm x l 0 mm©^^!*©!^^^ Hi 
L/C A r U— *rmB<D^H>1t7r tf*>6|fe 
JIS tifc'fUXM 1 5 0 f s , IRjEtsJffiftft 2 0 0 k H 
z, SS0. 8//m, ^ptejtti^ 1 0-5 0mW©/^U^ 

«BS*«©KK>t*tB3S-r*4. «5&AOfl!9f4W 0 . 0 
«W«c— ^FiSitctB*f S 1*4 C 4 &c J: 0 . K»Jt©rt 

spec aisKonflnrf *««. r a ia««©3ti»SK» 

«©U— !f**K»H-{CA»0. /H*r*gWt*i@C LT 

i ^ gp»©^(c^es $ nt i> 4 c 4 zwimT a c 4 
uL^<omm.x^tc. ifc. m*fflw©iatis«^6^ig 

B©»rffi*«a[S (3 71) 4Mm-C&-2,C4 > Tktyptt 
3ntl^C4 4>*iJB^U?c„ 

[0 0 17] M^c. M*mSfA7^ h#e>*-?\ 

#^BSSn-5C4*Igl80fc. J-Xh©^J-Ctt0. 
8 <im©j6S*fc-3U— y-tevffiMOft.&. fik©igg. 
/c4 ilft^ft^O 1.3// m-^ 1 . 55a m©#ift 
% 4>-o U — !f jte^JBW It t[Bj+i©SJff^{b^tSS'J $ 

^5C4CcJ:0=iTS©At§* s IIB^ui^'r*ofc < , C 
©<fc ^ OC l/TJKfi£$ n/c*S«8SW. =» T 4 ^ v •> K 4 
©P^ tc aj 51 *5?®*J^S L/ «c tr > ©-C»ffi«ffe*Jflg»-C ^ 

[0018] mmiz ; ■ ?-x>^-^x-r 

•7 ^ ^ • x > ^-M^feX -f » ^ffl^:z»?!5Bg«. fi^7 © 
IfI-CfPS?-e^5. fc4^.tt. a5raSCfl«j(CmT«fc^ 
tC. i^*4o(c^A,nfcS1g3 l~3 4£ffl;f:U ^© 
9^.©— r><omW3 1 (c©#7Mi/-7-f h*©J:5 WML 
Jf5t±©^ t ttttt** mm L- . » ■ «3 © 3 o©K1£ 3 2 ~ 3 

fflT4. *tl*tl®&1R3 1-34?: tf HWr* C 
4CCj: i 'J»i^SS3 1 a-3 4 a *J&fi5S-lifc». 
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J»S»-C£WS3 1-3 4 *Ii»J «t»tt. H 

&WBtt©'hSt»#5avr*"C**0. T-Ji^-l hrt? 
7<D& 5 3 6 7 frtttJfC 

S«3 5CD-gpaffi{C®0WWS. ;*t>r. U— !f|g« 
fC«t07v^-fx> ^-SBfciijSK 3 5a tf££3 5 

cc*^iA$ns. fim©»£4>. a«3 1 - 1 5*jits 

.-3 5a#§StC**j£**i*. 
[0019] *3Qfi«t?tt. P b O : 25 *;U%, T i 
O, : 10«%, Te0 2 : 6 5 ^r;U%©ffl^;^4)0 

#10 0 %<D1i5**imWs<Dt\^t£ttW± LX&m l> 
tc. At l>— !f||@Of*^7^7U- *fiPh%M 
. /-rvStlfc/W^H 1 5 0 f s . &£0ft&S!(2 0 0 kH 
'" "z, ?SS0. 8ym, ^tH^J 1 0-5 0mTO/^7 

*)6*©sSt^«. 7-h^4 h»7^TUO. 0 1, •> 
«; XTB 0 . 0 0 5 /dW±S U tc. ftM b 

mmm^nm *pi^t s fee* . hiss tcm&mE&o u 

C LTl»£6^©#K3fc©£»anKI!E3tt. 

- Fe8f*iH^LTl^C t&mWLtc. fcJ&Ztitclt 

mmm. mmmommm^ h 4 u m© n t&£ & 0 

n^Ci tc . 3fca»&S&© JH^f* 4 L"C©1f 
Xtt. 1 0 mmx 1 mmx 2 0 mmf^o/c. 

[0020] ek. mf&vmuzT-Ji-vj h**^*-^. 

*$Ktt#5*. 7 Wb^tf^*. i&iWlX^x, Bfcfb 
ft*C4*WBl,fc. fl&5ET. 2M^14©/h£ftf;ff44L< 
-cm h ft fc#2»&Sg t . 37£?5 7FiOlll(CiHf|tt 

ms&z ftfc. 

[0021] jWJ3 : arfottfe^ggjfc* ± 2 ?mit 
>^'-si nits tea * ©nrfpir # 3 . fc 4 * t* . 

S7T-^R^C^Tct9tC. ^«>4-otC«je>*ifcS«4 
1— 44*ffl;KU -£©5 %©— o©»g4 1 {€©<&■/- 

-C h ^©J; 5 tt#*MBlsfe©* $ tt«f4%ttffl 0 . 
0 © 3 o©SS 4 2 ~ 4 4 tCtt *✓ y * #5 7s © «t 9 iC# 

^tt©'jN?^^*^ffl-r-s. ^-ti^n©»s4 1 ~ 

4 4 Sr U - If R?JtfT •2>C4ttJ:9 7fei»vgSg 4 1 a ~ 4 4 

a %ji5j«s-i*fca. *¥J8«w-csa«4 1 -4 4*ba 
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3. sRWi. ia6-c«iCWK:^r«fc^«:. 3t?e 
©^tSfcfco-oca^SfcflyflTS. S«4 5 
tt> > fi 1i=>7<D& *> t£^m^(0'hi U# -5 7+X'V 

W^f 4 6*Xy<^ StS 4 5 ©-W&ffitc jfi 0 # 

»4 5a*53S1R4 5(C##ii*ti-5. Hn©ii^4>. S 
«41-45^^iSL> tcmh&VimtC ioT, i«M?» 
4 1 a~4 5 a**g*tC»*ii*iiS. 
10 [0 02 2 ] P b O : 20 T i 

0, : 5*)l%, TeO, : 7 5 *)l'%0m.f& : $: h^f- 

1 0 0%©^5^*#HW&©/h*!5cW*4iO-Cfl!fflb 
7c„ A r U—SfftS©?-* r -TT U— tf^6#6fJl 

Sftfc'W** 1 5 0 f s , tabE0^iSSc2 0 0 kH 
z, i^SO. 8 Mm. ¥l^ttS^ 1 0~5 0 mW©^;^ 

H7fe.^©MST^{i. f*7-/hA'7^t'B0. 0 1. is 

20 >;#^/7^r«o. o 057c^±#b/c. fPKLytJt* 
c bri,i-2)g|57>©^tc^©ejSA^ts^$n, ~» ^"ju* 

- F L/T t > 5 C t WW® U tc. Bf& 3 IntcJt 

tl^Ci^flofc. 3fcaW88©JR-?-£#& L-T©if 

1 0 mmx 1 mmx 2 OmmtJnfc. 
[0 02 3 ] HtC. fflJSS*JS«cS^;U7^ h*7^, 
Gef5: h' — 7'Ltcis 'M1*'7X, «J>®!iS#'7^. 

tiZCtZMSLtc. fte^. *«JI5tt©/hS«rtt*4<bU 
T. 27#5*&c#*T l ; -7l©^l,>Ge 

F i©lffltcWI8«c^ffi**flPfil/«c»r>C ifrfcJHMBfc** 
[0 024 ] gMM4 : %t>-is ± y * Z> i 2 ^^©jS 

40 m 

mmmiT{'mLtcarm4 urn. S3 1 OmmOB 

ifrnzm^-cytx-isi- s> y^^esu/c. si9 

tt. jt*-i'f;$X^'jf5 0©36?Mml/. OP 
A (optical parametric amplifier) ^jljS L/7c^S 

1. 3 o /im©?*>t7 7 -rr ( i o o f 

s, 1 00Hz) %y-h*P. iLTffifflO. *j»5 
l*f>y- hTlc^^XiCRW^-bt-fci^Sl . 3 2 Mm, 
; XilOns ©^2»f* U — !f ^ O - P , 4 
l,TtiiWl/fe. 7'n-^P, tt. A/2ififi«5 2tc 
50 J; 0 iE». HiS© flTfe^^i * y- h 3t P . © iE|j((B)K©iB 
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5-54, U>X5 5 a*jEIl,T3fci»iftH5 BtCS 
[0025] CC^t'tt, S 5-5 4tCj:0y- h 

3 b*r«TtftfflS5 8tCi^6n-2>. t*fflg5 8iCB. # 

InGaAs-PIN7*h^*-F9 10 
#{£J3$ft&. y-r#P, B. 7^^*5 7t?iS6 

n. <ftas5 8*t?au«ct». &*>. 7^^57Kt 
*r»*»*flWi-r4t:t*-e#*. y-h*p. ©a 

-^P„ flWia*Tf8*JSCToc sin 2 (n 2 , L I ,)«Cfi£ 

rtf^Otf-SSKnj.rtU. 8X10" 1 ' cm' /W 
£»itj;*ftfc„ a«»«»K:B^*«c»JR#tt<. ~% 20 
^Bft>R©l&*fe#&fttt*»oA:. S» 1 . 5 /imfT© 

m&<nnm t> njuB-c* o . * ^ ? ^ :> ytsff ©pg©y- 

h 36181* «fc 4 3 r SBOflUBJSftS S #©3:* b 4> t&tii £ 
B. ^«B©«*Hc«&B&>< "7 - £ Jttfl! b T 3 ifflllK 

[0 02 6 ] *Hffi0Hr«. -AQLV)?- 7 r '(TV 
CftKffiJ^ftStiSK . /jNSU-if«r-y- r:&P 0 

£ orlgfts-t+sc <b fc-ajfllr**. TU^gcD^ig 30 

ft I — If 1 . 3 0 u m, ^n";U^iH 10ns, ^il 
5 0MHz ) rjfcP. tUTfflC^ ^ 

fc„ £©C£#>6> *^3WA«K3 MbSftS 
C £ tH» 3 . »C S£ r> fc^c; * - ^ 1* » 2 7 v * T 

B. ^HH^IflW* <t 0 ^* ttt«4*ffiffl-r * C £ «c «fc <3 . 

3.B, »A3yt-{F*7X (ASnS^Sej , n„ 

= 1. 3X10" 1J cm 1 /W) 5rffll\ U-ifTt©^ 40 

jamii*'* 7 -g 5 mwirs^Bsetew 1 iRKcc** 

iffllSSrfBKlyfc. C©t»£©JB»r¥i£<bB. 0. 01T 
* fc. C ©#i£i£8g£ffl#&/Ua!G# -- is t *j $74 
y^T'B. &m%.it&7C<Dtclb<Dir- bft^l-ttl 0 
0 WJi(T tc All tcffi® £ ft 4 C £ ifism s ft /c. 
[0 02 7] *HfiE^-Cffll,^c^^tt^eXBP I N 
7 * h £V *- KT'B. ■e-fteflHOjESSEK*^ 

3t*-: f + ? * * -f » ^©lESiEKSrS&ELfc. PIS© 50 
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IS*. >W?*:/*jSKB. A.l*b/c^'- YftfDiWX 
A y^i/ifi^CXl^iC tsWSBS ftfc. ~# 

-f ->r ?B. -9-7' f3#«T©^ -Y v+^VX f- K 
£4>o. ^©fc*. ft 1 0 0 GH z «±©IEW* 
*»tt*gaffl»t6, 1 0 0 GH z W±©t!KlLflBift»* 

oft a X ^ /=, {iMom^j "Ob ;* * fl* •) IB u ffi 
HI. »oa»©fitSffib#'W;*5!l* 1 0 0 GH z w±© 

[0 0 2 8 ] HttW5 :j^_2Jll ^^^~^Bt^A -J 
*JfcW2-rf^9l/fc3 7S4/im. fiSlOmm©^ 

-f'j^TH. ^TfS^©— ffitc AS* L/fc U— if jt ?r^-^ 

2> . C ©36«B . <t 0 tftffl^ 7 h 6 

ft/cf*. (4*B2/7 h^r-^x.rt^j:t^«3©^£»<>'^ 
^?ft^>. ^©I^tc, 7C<DUi^7lc;CC^p|*iapto^/clU 
2tffcrt*f#6ft£. *HJfi0IJrB. OP A (optical para 
metric amplifier) ^aiab/c^g 1 . 3 5 u xa<D^ % 
>t77^7U-f*(100f s, 10 0Hz)£ffl 
l\ ^ifigtXttl nGaAs-P I N7* 

»**wt/fcBl 1 {C^e>ft-5<fc^c\ ^»J8 0%T'* 

a**. 2 0 % % -cmt u x *$ 0 . ftzj 

tt1RJR*«tt< . -^©^^©US^^eft^c^o/c. 
Hie. 5 /im«-CfcPI««cte***»6ft. ^-f 

^ > i7'ftbfp©i^(c y- 1- %wmk.& % r^omm 
in m e (*©^{t *>^ai 3 ft a*-* fc. 

[0 0 2 9] *^Sfi{?iJ©v • ^x>y-SBte^-f 

<!:, ifiSettU— tf^^*7-?:fg«fb-Ct-5. fcixtf, 
M3yt-fF*7^ (A s <0 S s , S en&Rtt-K ¥^ 
vS7-5 mW©U— •f*TJffiS*r-5^B3QSW2 £R« 
LrfPM Ofc*i»«K*ffl*^A: v » A • ?• x > ^ 
-^^;7 ?ttt, U— «f^< 7 -A* 5 0 Wfcl 
TtC^cSC t*sti^!3ft/c. fc*s. Y'ti^ 
Mt. W^7-5 ml© U-1f^-CB.gJ*$ftfcr^c 
0.01 ©JSJ^^t** L/c„ Jt.§iIg(CP^ LT . 
ftij-is* vZX4 v ^©*B^i[3IS«:iBiir*-a/c. 
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[0030] mmm 6 ; asi^sin^ j * ^^g> 

^^iJ3rf / Pl^Sn/cnTS4 wm. 1 0mm©7t 

0 1 2 ft^T J; 5 K 2 #©zii£8S 6 1,62 

#it^i*-^^Kss6 1 {immmms) icxmt< 
nicm.* - y tmmcme! u . - p p B i r-e^i 

*JU*'-©^8&#jgc 9 , LTftiSflafrfcflMt * 

• *?£ft£5ISi£f'JfllLTl>3„ *H 10 
JW'Jfti, OP A (optical parametric amplifier) £ 
iKSL-fcifcKl. 3 2 Atm<D^£>-tr:7T 
(lOOfs, 100Hz) ftHI^iffSgXtt 

1 nGa As - P I N7* F?-f t- Pfc&tti&i: 

mauc 01 3©t^,^m«c^e.n5J;'5^ > 
■m$im 1 ©aai^tfcw&tH^p, ii^tj]6 5%t-* 

^(c<toT4 s^tttiflQL-Ti^/c 20 

[003 1 ] tU^P, , P, ©^b^<E>^^-Y ^?>^ 
fJ!!^'PA5j^aCor^^C<i:AS*lI5. c<Dm^vh. mm®. 

en, x 7 ?■ > ^»jfE©esucy- h j; * 

lW<J©#ftttM£i?SBfe;W rHcfcorfc. 
(As^Si.Se,)*!^ ¥^A7-5mW(Dl/-f 30 
'u-tfTfc^-^-*? 1 5 0 WJiTRC&S C i^figlSSto 

© u — tf Ttrpsj^ $ ntcmc 0.01 ©/stfr^ft^m 

fa. 40 
[0032] 

[ :%B§©^m ] «± K. im L fa J: *> VL . *SBjc97fe«^ 

T?t»i. ^©fatf). Z#7cifttt4>ffi$i&m;&£4>07ci» 
■^S§*^^(c^$n^ 0 L-*»4>. c©>Sigffg£ffli>fa 

tslt^mmz fix r t» 5 c i *> 6*1fWfiMa-^3t 5i<a 

j|7r-f Agi^i 9 . PLC ( Planar Lightwave Ci r SO 
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cuit) Et»JRIB*B*C£#Bj|i&-C**. L-2»4>. 

[an ^*->+?$x-/5fois;0 

[15] ttVUCUsXTyn ■ -4 

[0 7 ] *«wtc€e^T^ifijttis^ffia*^w -v^ffl 
©^asK^^ss-r -fe^ <d— p 
[as ] ^fcwtctfcoT^ffltefitessa** » ^ffl 

©^««Sa %f¥M-T 7-n -fe x ©{fe©0fl 
[ a 9 ] ^tfeF'J 1 -CimLtc%®%iM*:m%.&Mdj)t 

[HI 03 mib-to-^* v Z Z <( v m&teZTjk? # 

[012] #iaitelS£Slg3fc* -C *-«Cffl#i&*;hfc 
36i»iSK© A* i aJ7J i ©ra^^^TH 

[013] ntmi 6 riEitt u fc#isji4is£»gite* 
[^f#©^] 

1 0 : ft*-* 9- 11: » 1 2 : tfc* 
-f- 13: ^N^SJft^K <*;-»*) 

2 0 : tf^W 2 1 : U-lf^ 2 2 : »7tb 
>X 2 3 : SytjS 

2 4. 2 5: 7fei»iS5S 

31—3 5, 4 1-4 5:l)g 31a-35a, 4 
1 a -4 5 a. : ftafiKtt 

3 6,46: 

50:**-i/t»irX-{9f 5 1: Jt« 5 
2 : A/2^Sffi 

5 3a: (E3fe^- 53b: ^Tfe^- 54:?. 5- 
5 5a, 5 5 b : 56: Tt^iSSa 5 

7 : 7.| JU* 5 8 : ft&H 

6 1 : ^^&©2g^SS 6 2 : jf^©W?J$SS 
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